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(54) EXHAUST GAS RECIRCULATION DEVICE 

(57) This invention is an exhaust gas recirculation 
apparatus such that exhaust gas recirculation master 
piston (12) is activated and acts to open exhaust valve 
(4) on the same cylinder (1) by driving a slave piston 
(14), thus recirculating exhaust gas into combustion 
chamber (2) from exhaust port (5) as a result of the 
pressure difference, thereby lowering the combustion 
temperature within combustion chamber (2) on the next 
power stroke and working to reduce NO x . Moreover, by 
selectively maintaining and releasing oil pressure in two 
types of passages (13) and (31), it can also be used as 
a compression pressure-release engine brake. 



Figure 1 



I 14 ^29 22 ' *— ' 




Primed by Xerox (UK) Business Services 

2.16.773.6 



1 EP 0 961 018 A1 2 

Description Summary of the Invention 



Field of the Invention 

[0001 ] This invention relates to exhaust gas recircula- s 
tion apparatuses (EGR devices) that recirculate a por- 
tion of the exhaust gas together with aspirated air and 
send H into the combustion chamber in such a way as to 
lower the combustion temperature within said combus- 
tion chamber, thereby working to reduce NO x (nitrogen w 
oxides). 

Background of the Invention 

[0002] Conventional exhaust gas recirculation appara- 75 
tuses are made in such away that they connect the 
exhaust pipe and intake port by external piping and 
open a normally closed EGR valve provided in the path 
of said external piping using vacuum pressure within the 
intake port during the intake stroke, thereby causing 20 
exhaust gas to recirculate through the above-noted 
external piping. 

[0003] However, it turns out that always taking exhaust 
gas into the combustion chamber on the intake stroke 
causes lean combustion in conventional exhaust gas 25 
recirculation apparatuses as described above, and even 
though a satisfactory combustion situation can be 
obtained without difficulty in the light-load operating 
range in which there is naturally an excess of air, there 
are problems in that, in the high-load operating range in 30 
which the proportion of air with respect to fuel is low, 
combustion conditions are not good and black smoke 
with large amounts of soot is readily generated. 
[0004] Further, because it becomes necessary that 
the external piping be provided with an EGR valve, the 35 
installation space required for the engine increases in 
volume, and moreover, there is a problem in that careful 
consideration must be given to providing heat-insulating 
measures for the external piping which will reach high 
temperatures as a result of the flow of exhaust gas and 40 
to constraints in terms of layout. 
[0005] In addition, there are also problems in engines 
equipped with turbochargers, etc., in that exhaust gas 
cannot be recirculated satisfactorily in operating ranges 
in which the boost pressure (supercharging pressure 45 
within the intake pipe) is higher than the exhaust pres- 
sure. 

[0006] This invention takes these actual circum- 
stances described above in consideration and makes its 
objective to provide an exhaust gas recirculation appa- so 
ratus that can recirculate exhaust gas into the combus- 
tion chamber only in required operating ranges, and 
moreover, can recirculate exhaust gas into the combus- 
tion chamber without using external piping, and further, 
in engines equipped with turbochargers, etc., can recir- ss 
culate exhaust gas acceptably even in operating ranges 
in which the boost pressure is higher than the exhaust 
pressure. 



[0007] This invention is related to exhaust gas recircu- 
lation apparatuses characterized in that they are pro- 
vided with an exhaust gas recirculation master piston 
activated by an intake rocker arm that acts to open an 
intake valve on a cylinder on the intake stroke; a slave 
piston connected via a first oil passage to said exhaust 
gas recirculation master piston, and further, that acts to 
open the aforementioned intake valve and an exhaust 
valve provided on the same cylinder when pressure is 
generated in said first oil passage by the action of the 
aforementioned exhaust gas recirculation master pis- 
ton; a hydraulic oil supply means that switches between 
maintaining and releasing oil pressure in the aforemen- 
tioned first oil passage; a compression pressure- 
release engine brake master piston activated by an 
exhaust rocker arm that acts to open an exhaust valve 
on the cylinder on the exhaust stroke; a slave piston 
connected via a second oil passage to said compres- 
sion pressure-release engine brake master piston, and 
further, when pressure has been generated in said sec- 
ond oil passage by the action of the aforementioned 
compression pressure-release engine brake master 
piston, that acts to open an exhaust valve provided sep- 
arately from the aforementioned exhaust valve on a cyl- 
inder approaching compression top dead center; and, a 
hydraulic oil supply means that switches between main- 
taining and releasing oil pressure in the aforementioned 
second oil passage. 

[0008] Thus, when oil pressure in the first oil passage 
is maintained by means of the hydraulic oil supply 
means, the exhaust gas recirculating master piston is 
activated by the exhaust rocker arm on the intake 
stroke, pressure is generated in the first oil passage, the 
exhaust valve on the same cylinder is made to open by 
the slave piston being driven, and exhaust gas recircu- 
lates from the exhaust port into the combustion cham- 
ber as a result of the pressure difference, thereby 
lowering the combustion temperature within the com- 
bustion chamber on the next power stroke and working 
to reduce NO x . 

[0009] In addition, when oil pressure in the first oil pas- 
sage is released by means of the hydraulic oil supply 
means, no oil pressure is generated within the first oil 
passage, the slave piston is not driven, and the exhaust 
valve opens only on the exhaust stroke as a result of 
normal valve action and does not open on the intake 
stroke. 

[001 0] Further, by selectively maintaining and releas- 
ing oil pressure in the first oil passage and the second 
oil passage, it becomes possible to switch between 
exhaust gas recirculation mode and compression pres- 
sure-release engine braking mode. For example, during 
braking operation, whenever oil pressure is released in 
the first oil passage, and further, oil pressure is main- 
tained in the second oil passage, as each respective 
cylinder approaches compression top dead center with 
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different timings, the compression pressure-release 
engine brake master piston is activated by the exhaust 
rocker arm in order to open the exhaust valve of a sep- 
arate cylinder which is on the exhaust stroke. Pressure 
is generated in the second oil passage, the slave piston 5 
is driven and the exhaust valve of the cylinder is made 
to open near compression top dead center, compressed 
air from within the combustion chamber is allowed to 
pass into the exhaust port, power to push down the pis- 
ton on the following expansion stroke is no longer gen- 10 
erated, and it becomes possible to use it effectively 
without losing the braking force gained on the compres- 
sion stroke. 

[0011 J It should also be noted that it is possible to 
combine the salve piston operated by oil pressure from is 
the first oil passage and the salve piston operated by oil 
pressure from the second oil passage, and in addition, it 
is also acceptable that they be provided separately. 
[0012] in addition, this invention is also related to 
exhaust gas recirculation apparatuses characterized in 20 
that they are provided with an exhaust gas recirculation 
master piston activated by an exhaust rocker arm that 
acts to open an exhaust valve on a cylinder on the 
exhaust stoke; a slave piston connected via a first oil 
passage to said exhaust gas recirculation master pis- 25 
ton, and further, that acts to open the aforementioned 
exhaust valve and an intake valve provided on the same 
cylinder when pressure is generated in said first oil pas- 
sage by the action of the aforementioned exhaust gas 
recirculation master piston; a hydraulic oil supply means 30 
that switches between maintaining and releasing oil 
pressure in the aforementioned first oil passage; a com- 
pression pressure-release engine brake master piston 
activated by an exhaust rocker arm that acts to open an 
exhaust valve on a cylinder on the exhaust stroke; a 35 
slave piston connected via a second oil passage to said 
compression pressure-release engine brake master 
piston, and further, when pressure has been generated 
in said second oil passage by the activation of the afore- 
mentioned compression pressure- release engine brake 40 
master piston, that acts to open an exhaust valve pro- 
vided separately from the aforementioned exhaust valve 
on a cylinder approaching compression top dead 
center; and, a hydraulic oil supply means that switches 
between maintaining and releasing oil pressure in the 4S 
aforementioned second oil passage. 
[001 3] Thus, when oil pressure is maintained in the 
first oil passage by means of the hydraulic oil supply 
means, the exhaust gas recirculating master piston is 
activated by the exhaust rocker arm on the exhaust so 
stroke, pressure is generated in the first oil passage, the 
intake valve on the same cylinder is made to open by 
the slave cylinder being driven, a portion of the exhaust 
gas within the combustion chamber is swept out to the 
intake port side, and said exhaust gas swept out to the ss 
intake port side is sucked back into the combustion 
chamber on the next intake stroke and recirculated, and 
thereby lowering the combustion temperature within the 



combustion chamber on the following power stroke and 
working toward a reduction in NO x . 
[001 4] In addition, when oil pressure is released in the 
first oil passage by means of the hydraulic oil supply 
means, no oil pressure is generated within the first oil 
passage, and thus the slave piston is not driven, and the 
intake valve opens only on the intake stroke as a result 
of normal valve action and does not open on the 
exhaust stroke. 

[001 5] Further, by selectively maintaining and releas- 
ing oil pressure in the first oil passage and the second 
oil passage, it becomes possible to switch between 
exhaust gas recirculation mode and compression pres- 
sure-release engine braking mode, and for example, 
during braking operation, whenever oil pressure is 
released in the first oil passage, and further, oil pressure 
is maintained in the second oil passage, as each 
respective cylinder approaches compression top dead 
center with different timings, the compression pressure- 
release engine brake master piston is activated by the 
exhaust rocker arm in order to open the exhaust valve of 
a separate cylinder which is on the exhaust stroke. 
Pressure is generated in the second oil passage, the 
slave piston is driven and the exhaust valve of the cylin- 
der is made to open near compression top dead center, 
compressed air from within the combustion chamber is 
allowed to pass into the exhaust port power to push 
down the piston on the following expansion stroke is no 
longer generated, and it becomes possible to effectively 
make use of the braking force gained on the compres- 
sion stroke. 

[0016] It should also be noted that it is possible to 
combine the exhaust gas recirculation master piston 
and the compression pressure-release engine brake 
master piston, and in addition, it is also acceptable that 
they be provided separately. 

Brief Description of the Drawings 

[0017] 

Figure 1 is a cross-sectional drawing showing a first 
embodiment of this invention. 
Figure 2 is an explanatory diagram showing the 
placement arrangement for a plural number of cylin- 
ders. 

Figure 3 is a detailed drawing of an example of a 
slave piston used in the first embodiment 
Figure 4 is a graph showing the operational timing 
of the exhaust valves in exhaust gas recirculation 
mode in each cylinder of Figure 2. 
Figure 5 is a graph showing the operational timing 
of the exhaust valves in compression pressure- 
release engine braking mode in each cylinder of 
Figure 2. 

Figure 6 is an explanatory drawing showing a sec- 
ond embodiment of this invention. 
Figure 7 is a detailed drawing of an example of one 
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side of a slave piston used in the second embodi- 
ment. 

Figure 8 is an explanatory drawing showing a third 

embodiment of this invention. 

Figure 9 is a detailed drawing showing an example 

of a dual-use master piston using in the third 

embodiment 

Figure 10 is a graph showing the operational timing 

of the intake valve in exhaust gas recirculation 

mode in each cylinder of Figure 8. 

Figure 11 is an explanatory drawing of a fourth 

embodiment of this invention. 

Figure 12 is a top view showing an example of an 

exhaust rocker arm used in the fourth embodiment. 

Detailed Description of the Preferred Embodiments 

[0018] An explanation of the embodiments of the 
invention follows below with reference made to the 
drawings. 

[001 9] Figure 1 to Figure 3 show a first embodiment of 
this invention. Figure 1 shows, respectively, 1, a cylin- 
der; 2, a combustion chamber; 3, a piston; 4, exhaust 
valves; and 5, an exhaust port. Both exhaust valves 4 
are pushed down and opened via bridge 8 by one end 
of exhaust rocker arm 7 which tilts by being pushed on 
the other end by exhaust push rod 6 (see Figure 2) on 
the exhaust stroke, causing exhaust gas to be scav- 
enged from combustion chamber 2 into exhaust port 5. 
[0020] In addition, 9 is an inlet push rod on the same 
cylinder 1 shown, and 10 is an intake rocker arm that 
tilts by being pushed up on one end by inlet push rod 9. 
When both intake valves 32 (see Figure 2) are pushed 
down and opened via a bridge (not shown in the dia- 
gram) similar to that described above by the other end 
of said intake rocker arm 10, one end of the aforemen- 
tioned intake rocker arm 10 pushes up on exhaust gas 
recirculation master piston 12 provided on the top of 
housing 11, pressure is generated in first oil path 13 
bored in the aforementioned housing 11, pushing slave 
piston 14 down, and one exhaust valve 4 is pushed 
down independently via actuator pin 15 by means of 
said slave piston 14. 

[0021] Hydraulic oil 18 (engine oil) is supplied to first 
oil path 13, which connects the aforementioned exhaust 
gas recirculation master piston 12 and slave piston 14, 
via solenoid valve 1 6 and control valve 1 7 which are the 
hydraulic oil supply means for the purpose of switching 
between maintaining and releasing oil pressure in said 
first oil path 13. Solenoid valve 16 carries out the supply 
and cut-off of hydraulic oil 18 by means of control signal 
20 from control apparatus 1 9, and control valve 1 7 func- 
tions as a check valve so that oil pressure in the afore- 
mentioned first oil path 13 will be maintained under 
conditions in which solenoid valve 16 is open, and fur- 
ther, functions in such a way to release oil pressure in 
the aforementioned first oil path 13 under conditions in 
which solenoid valve 16 is closed. 



[0022] That is to say, using solenoid valve 1 6, the sup- 
ply of hydraulic oil 18 is carried out by plate 22 and iron 
core 23 pushing ball 24 down when coil 21 is excited, 
and supply of hydraulic oil 18 is cut off by ball 24 being 

5 pushed up by spring 25 when coi! 21 is in a non-excited 
state. In addition, using control valve 17, spool 26 is 
pushed up by oil pressure under conditions when sole- 
noid valve 16 is open, and further, hydraulic fluid 18 is 
allowed to flow only in the direction toward the afore- 

io mentioned first oil path 13 by ball 27 provided in spool 
26, and spool 26 is pushed down by spring 28 under 
conditions when solenoid valve 16 is open and oil pres- 
sure is released into relief port 29. 
[0023] Figure 2 shows the placement arrangement for 

75 this embodiment illustrated in the case of an in-line, six- 
cylinder engine. It shows only first cylinder #1 (1), sec- 
ond cylinder #2 (1) and third cylinder #3 (1). In any of 
these first through third cylinders, the action of opening 
one of the exhaust valves 4 provided on each cylinder 1 

20 during the intake stroke is undertaken by inlet push rod 
9 of the same cylinder 1. More concretely, one exhaust 
valve 4 is opened on the intake stroke by slave piston 1 4 
being driven on the same cylinder 1 via the first oil pas- 
sage through the action of exhaust gas recirculation 

25 master piston 1 2 via intake rocker arm 1 0 (not illustrated 
in Figure 2) using inlet push rod 9 on each cylinder 1 . 
[0024] In addition, within common housing 11 (not 
illustrated in Figure 2), a compression pressure-release 
engine brake master piston 30 is provided which is acti- 

30 vated via exhaust rocker arm 7 (not illustrated in Figure 
2) by exhaust push rod 6 on each cylinder 1, and is con- 
nected by a new second oil passage 31 between com- 
pression pressure-release engine brake master piston 
30 and reciprocal slave piston 14 on cylinder 1 whose 

35 stroke timing is set in such a way that slave piston 1 4 on 
cylinder 1 approaching compression top dead center is 
driven by the action of a compression pressure-release 
engine brake master piston 30 on a separate cylinder 1 
which is on the exhaust stroke. Each said second oil 

40 passage 31 is made in such a way that it can supply 
hydraulic oil (engine oil) using a separate network by 
establishing separately something similar to solenoid 
valve 16 and control valve 17 described above as a 
hydraulic oil supply means to switch between maintain- 

45 ing and releasing of oil pressure in second oil passage 
31. 

[0025] It should also be noted that, in the example 
illustrated, the action of opening exhaust valve 4 in the 
vicinity of compression top dead center of cylinder #1 

so (1) is undertaken by exhaust push rod 6 of cylinder #3 
(1), and the action of opening exhaust valve 4 in the 
vicinity of compression top dead center of cylinder #2 
(1) is undertaken by exhaust push rod 6 of cylinder #1 
(1), and the action of opening exhaust valve 4 in the 

55 vicinity of compression top dead center of cylinder #3 
(1) is undertaken by exhaust push rod 6 of cylinder #2 
(1). 

[0026] In addition, in this embodiment, the slave pis- 
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tons 14 of each respective cylinder 1 are driven with dif- 
ferent timings by oii pressure from first oil passage 13 
and second oil passage 31, and thus, for example, as 
shown in Figure 3, slave piston 14 is made a dual struc- 
ture consisting of primary piston 14a and secondary 
piston 14b. When exhaust valve 4 is made to open dur- 
ing the intake stroke, introducing hydraulic fluid 18 from 
the first oil passage 13 to the top side of primary piston 
14a causes primary piston 14a and secondary piston 
14b to act in unison, and when exhaust valve 4 is made 
to open in the vicinity of compression top dead center, 
introducing hydraulic fluid 18 from second oil passage 
31 between primary piston 14a and secondary piston 
14b causes only secondary piston 14b to be activated. 
[0027] However, because control valve 17 functions 
as a check valve and first oil passage 13 closes when- 
ever solenoid valve 16 is opened by a control signal 20 
from control apparatus 19, when each respective cylin- 
der #1 (1), cylinder #2 (1) and cylinder #3 (1) in Figure 2 
are on the intake stroke with different timings as shown 
in Figure 4, intake rocker arm 10 tilts by means of the 
upthrusting of inlet push rod 9 to open intake valve 32, 
and as a result, exhaust gas recirculation master piston 
12 is pushed up and pressure is generated in first oil 
passage 13 causing slave piston 14 on the same cylin- 
der 1 to be driven, thereby causing one exhaust valve 4 
to open and recirculating exhaust gas from exhaust port 
5 into combustion chamber 2 by the pressure differ- 
ence. Thus, the combustion temperature within com- 
bustion chamber 2 is lowered on the next power stroke, 
thereby working to reduce NO x (nitrogen oxides). 
[0028] It should also be noted that, in Figure 4. the 
vertical axis is regarded as the valve operation lift and 
the horizontal axis is regarded as the rotation angle of 
the cam shaft of cylinder #1. The A in the diagram indi- 
cate the compression top dead center at each cylinder 
1, the solenoid curved lines indicate the lift of exhaust 
valve 4 at each cylinder 1, and the broken curved lines 
represent the lift of intake valve 32, respectively (for 
example, the rotation angles from 0° to 180° is the 
power stroke, from 180° to 360° is the exhaust stroke, 
from 360° to 540° is the intake stroke, and from 540° to 
720° is the compression stroke; the phase of cylinder #2 
and cylinder #3 is shifted starting from the compression 
top dead center). 

[0029] In addition, because no pressure is generated 
within first oil passage 1 3 whenever solenoid valve 1 6 is 
closed by a control signal 20 from control unit 19, oil 
pressure in first oil passage 13 is released by control 
valve 17, slave piston is not driven and exhaust valve 4 
opens only on the exhaust stroke by normal valve action 
and does not open on the intake stroke. 
[0030] Consequently, because the exhaust gas can be 
recirculated to combustion chamber 2 only in the 
required operating regions, the above-mentioned 
embodiment can lower combustion temperature by 
recirculating exhaust gas to combustion chamber 2 in 
light-load operating regions, thus working to reduce 



NO x , while in high-load operating regions, it can cut off 
recirculation of exhaust gas and prevent the generation 
of black smoke with large amounts of soot by normal 
valve action. 

5 [0031] Moreover, because it is possible to eliminate 
the end for external piping, it is possible to avoid 
increases in volume of the engine installation space as 
well as eliminate the need to give careful consideration 
to heat-insulation measures for the external piping and 

70 to layout constraints. In addition, rt becomes possible to 
recirculate exhaust gas satisfactorily even in operating 
ranges in which the boost pressure in engines equipped 
with turbochargers is higher than the exhaust pressure. 
[0032] It should also be noted that, in doing control in 

15 such a way that exhaust gas is recirculated into com- 
bustion chamber 2 in light-load operating ranges and 
recirculation of exhaust gas is halted in high-load oper- 
ating ranges, for the aforementioned control apparatus 
19. solenoid valve 16 may be opened by control signal 

20 20 from the aforementioned control apparatus 19 under 
conditions in which a signal indicating the engine oper- 
ating status, a signal indicating the accelerator activa- 
tion status, etc., and a signal for the exhaust gas 
recirculation switch of the operating chamber, etc., is 

25 input, and the engine is under powered operation in 
which the exhaust gas recirculation switch of the operat- 
ing chamber is ON and the accelerator has been 
depressed to some extent, and further, no high load is 
present. 

30 [0033] In addition, the fact that first oil passage 1 3 for 
exhaust gas recirculation and second oil passage 31 for 
compression pressure release engine braking close 
selectively makes it possible to switch between exhaust 
gas recirculation mode and engine braking mode. For 

35 example, during braking operations, whenever oil pres- 
sure in first oil passage 13 for exhaust gas recirculation 
is released, and further, oil pressure is maintained by 
closing second oil passage 31 for compression pres- 
sure release engine braking, when each respective cyl- 

40 inder #1 (1), cylinder #2 (1), and cylinder #3 (1) in Figure 
2 approach compression top dead center with different 
timings as illustrated in Figure 5, compression pressure 
release engine braking master piston 30 is pushed up 
by exhaust rocker arm 7 as a result of the upthrusting of 

45 exhaust push rod 6 in order to open the exhaust valve 4 
of a separate cylinder 1 which is on the exhaust stroke, 
thereby generating pressure in second oil passage 31. 
And because slave piston 14 on cylinder 1 which is 
approaching compression top dead center is driven, it 

so causes one of the exhaust valves 4 to open, com- 
pressed air from combustion chamber 2 is allowed to 
escape into exhaust port 5, and no force to push down 
piston 3 is generated on the next expansion stroke. 
Thus it becomes possible to use the exhaust gas recir- 

55 culation apparatus of this invention to make effective 
use of the braking force obtained on the compression 
stroke. 

[0034] It should also be noted that the two-dot 
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dashed-line curves in Figure 5 represent the lift of 
exhaust valve 4 during the intake stroke of each cylinder 
1 when in exhaust gas recirculation mode, and its oper- 
ational timing is identical to that of the ease in the 
above-mentioned Figure 4. 5 
[0035] Figure 6 and Figure 7 show a second embodi- 
ment of this intention, and this embodiment differs only 
on the point that, respectively, a first slave piston 14' that 
opens together with both exhaust valves 4 of each cylin- 
der 1 on the intake stroke in exhaust gas recirculation to 
mode, and a second slave piston 14" that opens with 
one exhaust valve 4 of each cylinder 1 as it approaches 
compression top dead center in compression pressure 
release engine braking mode are provided separately. 
[0036] That is to say, this embodiment is such that it is 75 
possible on the intake stroke to open both exhaust 
valves together on each respective cylinder 1 by means 
of the first slave piston 14', and the first slave piston 14* 
in this embodiment is such that, on the intake stroke, it 
pushes down on bridge 8 which is pushed down by 20 
exhaust rocker arm 7 of each cylinder 1 on the exhaust 
stroke as normal valve operation, and is arranged 
astride the aforementioned exhaust rocker arm 7 and 
does not impede normal valve action during the exhaust 
stroke (see Figure 7). 25 
[0037] In contrast, it is advisable that the second slave 
piston 14" have a mechanism similar to slave piston 14 
shown in Figure 1. 

[0038] In this way, the recirculation efficiency of 
exhaust gas can be increased by opening both exhaust 30 
gas valves 4 together on the exhaust stroke in exhaust 
gas recirculation mode, and further, because the pres- 
sure within combustion chamber 2 is lowered on the 
exhaust stroke, the action of opening both exhaust 
valves 4 can be implemented without significant diffi- 35 
culty. 

[0039] However, it is also possible to arrange it by 
reversing the connection between first oil passage 13 
and second oil passage 31 so as to cause the first slave 
piston 14' to activate in compression pressure release *o 
engine braking mode, and further, cause the second 
slave piston 14" to activate in exhaust gas recirculation 
mode. 

[0040] Figure 8 through Figure 10 show a third 
embodiment of this invention, and it is such that one can 45 
selectively switch between exhaust gas recirculation 
mode and compression pressure release engine brak- 
ing mode in a manner similar to the case in the previous 
embodiment. However, this embodiment causes 
exhaust gas recirculation master piston 12 to be acti- so 
vated by exhaust rocker arm 7 which opens exhaust 
valve 4 on cylinder 1 on the exhaust stroke, and moreo- 
ver, is such it is possible to open one intake valve 32 on 
the same cylinder 1 on the exhaust stroke by the activa- 
tion of this exhaust gas recirculation master piston 12. ss 
[0041 ] That is to say, as illustrated by only cylinder #1 
(1), cylinder #2 (1), and cylinder #3 (1) in the case of the 
in-line six-cylinder engine in Figure 8, on each of the 



first through third cylinders 1 , the action of opening one 
intake valve 32 provided on each cylinder 1 on the 
exhaust stroke is undertaken by exhaust push rod 6 on 
the same cylinder 1 . More concretely, one exhaust valve 
4 can be opened on the intake stroke by driving the 
salve piston 33 on the same cylinder via first oil passage 
13 by means of the action of exhaust gas recirculation 
master piston 12 via exhaust rocker arm 7 (not shown in 
Figure 8) through exhaust push rod 6 on each cylinder 
1. 

[0042] This embodiment is such that exhaust gas 
recirculation master piston 12 and compression pres- 
sure release engine braking master piston 30 can be 
combined. More concretely, as shown in Figure 9, it 
adopts a double-structure dual-use master piston 34 
constructed with compression pressure release engine 
braking master piston 30 as the primary piston, and fur- 
ther, exhaust gas recirculation master piston 12 inside 
compression pressure release engine braking master 
piston 30 as the secondary piston. 
[0043] Thus, when intake valve 32 opens on the intake 
stroke, oil pressure in the second oil passage 31 that 
connects to the top side of compression pressure 
release engine braking master piston 30, the primary 
piston, is released, and further, oil pressure is main- 
tained by closing the first oil passage 13 that connects 
to the top side of exhaust gas recirculation master pis- 
ton 12, the secondary piston, thus activating only 
exhaust gas recirculation master piston 12, the second- 
ary piston. When exhaust valve 4 opens in the vicinity of 
compression top dead center, the entire dual-use mas- 
ter piston 34 is activated as a single unit, closing the 
second oil passage 31 and releasing the first oil pas- 
sage 13. 

[0044] In addition, it is advisable for slave piston 33 
which opens one intake valve 32 on the exhaust stroke 
to have a structure similar to slave piston 14 shown in 
Figure 1. 

[0045] Thus, in this way, when each respective cylin- 
der #1 (1), cylinder #2 (1), and cylinder #3 (1) in Figure 
8 reaches the exhaust stroke with different timings as 
shown in Figure 10, exhaust rocker arm 7 tilts with the 
upthrusting of exhaust push rod 6 in order to open 
exhaust valve 4, and as a result, pressure is generated 
in the first oil passage 13 by exhaust gas recirculation 
master piston 12 being pushed up, intake valve 32 
opens by slave piston 33 on the same cylinder being 
driven, a portion of the exhaust gas within combustion 
cylinder 2 is swept out to the intake port side (not 
shown), and thus the exhaust gas swept out into said 
exhaust port side is sucked back into combustion cham- 
ber 2 on the next intake stroke and recirculated, lower- 
ing the combustion temperature within combustion 
chamber 2 on the next power stroke, and thereby work- 
ing to reduce NO x (nitrogen oxides). 
[0046] It should also be noted that, in Figure 10, simi- 
lar to the previous Figure 4 and Figure 5, the vertical 
axis is the valve operation lift and the horizontal axis is 
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the rotational angle of the camshaft of cylinder #1. The 
A in the diagram represent the compression top dead 
center on each cylinder 1, the solid curved lines repre- 
sent the lift of exhaust valve 4 and the broken curved 
lines represent the lift of intake valve 32, respectively, at 5 
each cylinder 1, but the double-dot dashed-line curves 
in the diagram indicate the lift of exhaust valve 4 in the 
vicinity of compression top dead center on each cylinder 
1 for the case of compression pressure release engine 
braking mode. The operational timings are identical to 70 
the case of Figure 5 described previously. 
[0047] Consequently, in the case of this embodiment, 
too, because exhaust gas can be recirculated into com- 
bustion chamber 2 only in the required operating 
ranges, combustion temperature is lowered by recircu- 15 
lating exhaust gas into combustion chamber 2 in light- 
load operating ranges, thereby working to reduce NO x , 
and recirculation of exhaust gas can be halted in the 
high-load operating range, thereby preventing the gen- 
eration of black smoke with large amounts of soot by 20 
normal valve action, and moreover, because external 
piping can be eliminated, it is possible to avoid an 
increase in the volume of the installation space for the 
engine as well as eliminate the need to give careful con- 
sideration to heat-insulation measures for the external 25 
piping and to layout limitations. In addition, it becomes 
possible to recirculate exhaust gas satisfactorily even in 
operating regions in which the boost pressure in 
engines equipped with turbochargers, etc., is higher 
than exhaust pressure. 30 
[0048] In addition, by selectively closing both the first 
oil passage 13 for exhaust gas recirculation and the 
second oil passage 31 for compression pressure 
release engine braking, it is possible to switch between 
exhaust gas recirculation mode and compression pres- 35 
sure release engine braking. 

[0049] Figure 1 1 and Figure 12 show a fourth embod- 
iment of this invention, It differs in comparison with pre- 
vious embodiments in the point that exhaust gas 
recirculation master piston 12 and compression pres- 40 
sure release engine braking master piston 30 are pro- 
vided individually and separately, but its functional effect 
is identical to previous embodiments. 
[0050] In the activation of both master pistons 12 and 
30 by an exhaust rocker arm 7, for example, as shown 45 
in the top view in Figure 12, it is advisable to mount both 
contact connector 7a that pushes up compression pres- 
sure release engine braking master piston 30, and con- 
tact connector 7b, that pushes up exhaust gas 
recirculating master piston 12, respectively, side-by- so 
side on the end of exhaust rocker arm 7. 
[0051] It should also be noted that the exhaust gas 
recirculating apparatus of this invention is not limited to 
only the embodiments described above and that the 
various embodiments were explained using the illustra- 55 
tive example of the case of an in-line six-cylinder 
[engine]. It is also applicable in a similar manner to other 
engine configurations such as V-engines having a differ- 



ent number of cylinders. In addition, various types of 
modifications can, of course, be added within the scope 
of the claims without deviating from the substance of 
this invention. 

Industrial Applicability 

[0052] The exhaust gas recirculation apparatus of 
such an invention as above will find utility as an appara- 
tus to purge the exhaust gas of engines in automobiles, 
etc., and is particularly applicable for use in engines 
whose installation space is small and for engines 
equipped with turbochargers, etc. 

Claims 

1. An exhaust gas recirculation apparatus character- 
ized in that it is provided with an exhaust gas recir- 
culation master piston activated by 

an intake rocker arm that acts to open an intake 
valve on a cylinder on the intake stroke; 
a salve piston connected via a first oil passage 
to said exhaust gas recirculation master piston, 
and further, that acts to open the aforemen- 
tioned intake valve and an exhaust valve pro- 
vided on the same cylinder when pressure is 
generated in said first oil passage by the action 
of the aforementioned exhaust gas recircula- 
tion master piston; 

a hydraulic oil supply means that switches ' 
between maintaining and releasing oil pressure 
in the aforementioned first oil passage; 
a compression pressure-release engine brake 
master piston activated by an exhaust rocker 
arm that acts to open an exhaust valve on the 
cylinder on the exhaust stroke; 
a slave piston connected via a second oil pas- 
sage to said compression pressure-release 
engine brake master piston, and further, when 
pressure has been generated in said second oil 
passage by the action of the aforementioned 
compression pressure-release engine brake 
master piston, that acts to open an exhaust 
valve provided separately from the aforemen- 
tioned exhaust valve on a cylinder approaching 
compression top dead center; and, 
a hydraulic oil supply means that switches 
between maintaining and releasing oil pressure 
in the aforementioned second oil passage. 

2. An exhaust gas recirculation apparatus according 
to Claim 1 characterized in that the slave piston 
activated by oil pressure from the first oil passage, 
and the slave piston activated by oil pressure from 
the second oil passage are combined. 

3. An exhaust gas recirculation apparatus according 
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to Claim 1 characterized in that the slave piston 
activated by oil pressure from the first oil passage, 
and the slave piston activated by oil pressure from 
the second oil passage are provided separately. 

5 

4. An exhaust gas recirculation apparatus character- 
ized in that it is provided with an exhaust gas recir- 
culation master piston activated by 

an exhaust rocker arm that acts to open an 10 
exhaust valve on a cylinder on the exhaust 
stroke; 

a slave piston connected via a first oil passage 
to said exhaust gas recirculation master piston, 
and further, that acts to open the aforemen- 75 
tioned exhaust valve and an intake valve pro- 
vided on the same cylinder when pressure is 
generated in said first oil passage by the action 
of the aforementioned exhaust gas recircula- 
tion master piston; 20 
a hydraulic oil supply means that switches 
between maintaining and releasing oil pressure 
in the aforementioned first oil passage; 
a compression pressure-release engine brake 
master piston activated by an exhaust rocker 25 
arm that acts to open an exhaust valve on a cyl- 
inder on the exhaust stroke; 
a slave piston connected via a second oil pas- 
sage to said compression pressure-release 
engine brake master piston, and further, when 30 
pressure has been generated in said second oil 
passage by the activation of the aforemen- 
tioned compression presure-release engine 
brake master piston, that acts to open an 
exhaust valve provided separately from the 35 
aforementioned exhaust valve on a cylinder 
approaching compression top dead center; 
and, 

a hydraulic oil supply means that switches 
between maintaining and releasing oil pressure 40 
in the aforementioned second oil passage. 

5. An exhaust gas recirculation apparatus according 
to Claim 4 characterized in that the exhaust gas 
recirculation master piston, and compression pres- 45 
sure-release brake master piston are combined. 

6. An exhaust gas recirculation apparatus according 
to Claim 4 characterized in that the exhaust gas 
recirculation master piston, and compression pres- so 
sure-release engine brake master piston are pro- 
vided separately. 
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Figure 1 
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Figure 6 
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